Mixing in fluids is a rapidly developing field of fluid mechanics [1] [2] [3] , being an important industrial and environmental problem. The mixing of liquids at low Reynolds numbers is usually quite weak in simple flows, and it requires special devices to be efficient. Recently, the problem of mixing was solved analytically Solutions of flexible high molecular weight polymers are viscoelastic fluids [11] . There are elastic stresses that appear in the polymer solutions in a flow, and that grow non-linearly with the flow rate [11] . This can lead to many special flow effects, including purely elastic transitions [9, 12, 13] that qualitatively change character of the flow at vanishingly small Re.
the primary motion is a curvilinear shear flow. Onset of those secondary flows depends on the Weissenberg number, W i = λγ, where λ is the polymer relaxation time andγ is the shear rate. It plays a role analogous to that of Re in competition between non-linearity and dissipation. As it has been reported recently, an elastic flow transition can result in a special kind of turbulent motion, elastic turbulence [10] , which arises at arbitrary small Re.
In our experiments we find that irregular flow excited by the elastic stresses in the polymer solutions can lead to quite efficient mixing at very low Re.
Our mixing experiments were carried out in a curvilinear channel, Fig.1a , at a room temperature, 22.5±0.5
• C. The total rate of the fluid discharge, Q, was always kept constant, so that the average time of mixing was proportional to the position, N, along the channel, The Reynolds number, Re = 2Qρ/(dη), was always quite small. It only reached 0.6 for highest Q that we explored. Therefore, flow of the pure solvent remained quite laminar and no mixing occurred, Fig.1b . The boundary separating the liquid with and without the dye was smooth and parallel to the direction of the flow, and it only became smeared due to molecular diffusion as the liquids advanced downstream. Behaviour of the polymer solution was qualitatively different from that of the solvent. The flow only was laminar and stationary up to a value of Q corresponding to W i c = 3.2 (and Re = 0.06), at which an elastic instability occurred. This instability lead to irregular flow and mixing of the liquids, Fig.1c . The experiments were carried out at Q about twice above the flow instability onset, W i = 6.7, at which homogeneity of the mixture at the exit of the channel was the highest.
Power spectra of fluctuations of velocity in the center of the channel at W i = 6.7 are shown in Fig.2 . The spectra of both longitudinal and transversal velocity components do not exhibit any distinct peaks and have broad regions of a power law decay, that is typical for turbulent flow. They resemble the power spectra found at similar W i in flow of the same polymer solution between two parallel plates in the regime of elastic turbulence [10] . So, we believe the origin of the irregular flow is the same here as in Ref. [10] .
According to the Taylor hypothesis fluctuations of the flow velocity in time are mainly due to fluctuations in space advected by the mean flow [2, 3] . So, the spectra in Fig.2 imply that the power of the velocity fluctuations scales with the k-number in space as
Fluctuations of the velocity gradients should scale then as k −1.3 , so that the flow becomes increasingly homogeneous at small scales, and mixing is mainly due to the largest eddies having the size of the whole flow system [6] . Such flow conditions correspond to the Batchelor regime of mixing [4, 5] . It is one of the two simple cases of random flow, where the problem of mixing has been solved analytically [2, [5] [6] [7] [8] . Investigation of mixing in the irregular flow in the channel gave us an opportunity to study mixing in the Batchelor regime in detail and to test a few key the theoretical predictions for the first time.
Mixing of the polymer solution was a random process. So, it was appropriate to characterize it statistically, by probability distribution function (PDF) to find different concentra- From the above discussion we can suggest that they are due to transition to an asymptotic regime, where dependence on the initial conditions is lost. The correlation functions at different positions become identical, and PDF of concentrations can be superimposed rather well for ∆c of about 3M 1c aroundc by appropriate stretching of the axes. There is no selfsimilarity in the shapes of PDF at larger ∆c/(M 1c ), however, and the shape permanently changes with N. One can learn from Fig.4 that both M 1 and M 2 decay exponentially above N = 30, the rate of the decay being two times higher for M 2 than for M 1 . The higher order moments were found to decay exponentially, M i ∼ exp(−γ i N), as well, that is quite in agreement with the theoretical predictions [8] . We note here that M 2 , which is the variance of fluctuations of the dye concentration, is often considered as an analogue of energy of turbulent motion [2] . So its logarithmic derivative, Fig.4 ), is the analogue of the energy dissipation rate. The theory also predicts linear growth of the coefficients, γ i , with i at small i and saturation of the growth, when i becomes large [8] . This form of dependence of γ i on i is quite confirmed by our experimental results, inset in Fig.4 .
The deviation of the dependence of γ i on i from a straight line at large i is a quantitative evidence for the lack of self-similarity in the mixing. One can see that all our experimental results agree very well with all the theoretical predictions for the Batchelor regime of mixing, we tested [4] [5] [6] [7] [8] .
As it is suggested by the decay of M 1 in Fig.4 
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